Materials. Work method
The first of all, it was manufactured six laminated composite plates whose material structures are different. In this work, E-glass fibres (50 mm length) were used to randomly reinforce four kinds of resins: two polyester resins (Heliopol 8431 ATX and Polylite 440-M880); an epoxy resin (LY554); a vinyl-ester resin (Atlac 582). These composite materials had the average volume fibre ratio equal to 26%, while the weight fibre ratio was 40%. Another two plates having the dimensions 350 x 250mm 2 and 8mm in thickness, were manufactured by using a polyester resin reinforced with both glass woven fabrics EWR145 (six layers) and wood flour (oak wood flour or fir wood flour). Then, the plates were cut to obtain the specimens according to the european standards concerning of determination of the both tensile properties (ISO 527) and flexural properties (SR EN 63) . A total number of 164 specimens were manufactured for tensile tests (Table 1) while 194 specimens were prepared for the flexural tests (Table 2) . It may be noted that all sides of a half of the total number of specimens reinforced only with Eglass fibres, were coated using the resins used for the matrix while the others were not coated. Table 2 . Specimens for flexural test Then, the specimens were kept at the room temperature and dried environment for three weeks. Additionally, some specimens were stored in an oven at 30 ± 1°C and weighted to ensure that they were dried prior to the immersion in water (SR EN ISO 62, 2008) . Water ( Fig. 1, a) , detergent solution ( Fig. 1, b ) and fresh natural seawater from Black Sea (Fig. 1 ,c) at room temperature (20 °C) were used as wet environments. Stands were used to maximise the contact surface between specimens and water (see the detail presented in the Fig. 1, c) . The salinity of the natural seawater was approximately of 1.6%. The water tanks were covered to minimise evaporation and the water was changed every month to keep conditions constant.
a. b.
c. The times of immersion in water were different in case of the composite materials tested (Table 3) . To monitor the uptake of water, quantified by the moisture content m, the specimens were periodically removed from tanks, superficially dried with absorbing paper and weighted by using an electronic balance (maximum mass 250 g) accurate within ± 0.0001g. After long-time immersion, the specimens were subjected to both tensile test and flexural test by the method of the three points (SR EN ISO 178, 2001 ). LR5K Plus machine manufactured by LLOYD Instruments, was used for mechanical testing of the composite specimens involved. The maximum force provided by the testing machine is max 5 Fk N = . The shape and the dimmensions of the tensile specimens are shown in the figure 2.
Fig
Diagrams having the coordinates force -elongation ( ) Fl − Δ coordinates were directly recorded from tensile machine. The loading scheme (three-point method) is shown in the figure 3. The dimensions of the specimens are valid only for specimens reinforced only with E-glass fibres because these are functions of the specimen thickness. In case of the flexural tests, the span between the supports was accorded with the specimen thickness (SR EN ISO 62, 2008) . Figures 4 and 5 show two photos of specimens during the flexural test. The specimens shown are made of E-glass / polyester Heliopol 8431 ATX composite material (Fig. 4 ) and Eglass EWR145 / oak wood flour / polyester Colpoly 7233 (Fig. 5) , respectively. It may observe that the deformations are much more greater in case of the specimens made with wood flour (Fig. 5 ) than in case of the specimens reinforced only with glass fibres (Fig. 4) . The speed of loading was 3mm/min. in case of the specimens made of the composite materials filled with wood flour and 1.5mm/min. in case of the other four kinds of composite materials tested, respectively. The speed of loading was greater in case of additionaly reinforcing with oak wood flour because this composite material is much more flexible. Consequently, the time of the flexural test was approximately 40min. when the speed of loading was equal to 1.5mm/min., in case of this composite material. It was remarked that the the time of the flexural test halved by doubling of the loading speed while the shape of the curve obtained was approximately the same. It may be mentioned that the time of the flexural test was approximatelly equal to 10min. when the speed of loading was 1.5mm/min., in case of the specimens reinforced only with the E-glass fibres. Before each mechanical test of a specimen, the dimensions of the cross-section were accurately measured (0.1mm) and then, they were considered as input data in the software program of the machine. In case of the flexural testing, the testing equipment allowed to record pairs of values (force F and deflection v at midpoint of the specimens) in form of files having up to 3000 recordings. The testing machine also gave the results of a statistical calculus for the set of the specimens tested. Experimental results recorded during the flexural tests, were graphically drawn using F -v coordinates and finally, the following quantities were computed: -flexural modulus E of the composite material
-flexural strength σ of the composite material:
where l = 64 mm represents the span of the specimen between simple supports ( Fig. 3) , I zmoment of inertia, W z -elastic cross-section modulus, M bz max = Fl/4 -maximum value of the bending moment. Formula used for the flexural modulus E is a good approximation because 16 l h = , where h represents the thickness of the specimen and one can neglect the effect of the shearing force.
Results

Water absorption
The first, moisture behaviour was analysed. The absorption data were shown in the figures 6 -9 for all composite materials reinforced only with glass fibres. Important remarks are noted by analysing these results.
• Moisture absorption in composite materials depends on the resin used for matrix and type of the wet environment. The absorption process is a long-term process in case of the composite materials tested.
• E -glass / Heliopol 8431 ATX and E-glass / Polylite 440-M880 composites closed the saturation point after 7000 hours of immersion time while the moisture content was approximately the same.
• E-glass / epoxy LY 554 composite does not reach the saturation point after 7000 hours of immersion ( Fig. 8 ) and moisture content is much more greater than in case of the others three composite materials (Fig. 6, 7 and 9) . E-glass / epoxy LY 554 composite material absorbs more water than seawater or detergent solution.
• Glass-reinforced polymers absorb more water than seawater. Rate of diffusion of the water through composite materials analysed is greater than that of the seawater.
• Sodium chloride molecules contained in seawater (as well as sulphate) appear to be limiting the diffusion of water into the matrix material.
a. Coated specimens b. Uncoated specimens It may be easily observed that the two absorption curves recorded in case of the composite material filled with fir wood flour is located below the one recorded in case of the other one composite filled with oak wood flour. The cause may be assigned to resinous nature of the fir wood. Therefore, the greater resin content of the fir wood flour acts as a barrier against the water absorption. The average value of the water content ( Fig. 10 ) was 10.73% while the seawater content (Fig. 11 ) recorded was 9.72% after immersion during 5853 hours, in case of the composite filled with oak wood flour. In case of the other one composite material filled with fir wood flour, the water content ( Fig. 10 ) was equal to 8.02% while the seawater content was 6.50% after 5612 hours of immersion. Therefore, like the other previous works showed, it was recorded again a smaller quantity of the moisture absorbed during the immersion in seawater than in case of the immersion in water. The salts of the seawater act again like a barrier against the moisture absorption.
There is a small difference between the absorption curves recorded during the first 400-600 hours of immersion. It follows that the diffusivity of the moisture inside the composite material, has approximately the same value in the both cases: water environment and seawater environment.
Mechanical behaviour in tensile test after immersion in different environments
After approximately 7000 hours of immersion (≈ 10 months) the tensile specimens made of polymer resins reinforced only with glass fibres, were subjected to the tensile test. A photo of these specimens after the tensile test, is shown in the figure 12.
a. 
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• Conservation of the tensile strength was not very different if all sides of the specimens were coated using the resin of the matrix of the composite; • Tensile strength of the specimens decreases with 10 -20 % in case of the immersion in seawater and water / detergent mix ( Fig. 10 -12) . The reason could be that moisture content was much smaller in case of these environments. 
Mechanical behaviour in flexural test after immersion in different environments
Then, flexural test by using the three-point method, was considered the immersion in the three kinds of wet environment. The specimens made of polymer resins reinforced with only glass fibres, after they were subjected to the flexural test, are shown in the figure 17.
The results obtained in case of the wet specimens were compared with the ones obtained in case of the dried specimens. (Fig. 20) ; -E-glass / polyester Polylite 440-M880 (Fig. 21) ; -E-glass / epoxy LY 554 (Fig. 22) ; -E-glass / polyester Polylite 440-M880 (Fig. 23) .
a. c. • Effects of the seawater are more pronounced than the action of the water in case of Eglass / polyester composites (E-glass / polyester Heliopol 8431 ATX and E-glass / polyester Polylite 440-M880) as shown in figures 24 and 25.
•
Decreasing of the Young's modulus E was ≈ 11 % while the change of the flexural strength was ≈ 12 % in case of the E-glass / polyester Heliopol 8431 ATX composite when the specimens were kept in seawater and detergent solution (Fig. 24) . One may observe a good conservation of the flexural characteristics in case of the specimens after 9200 hours of immersion in water.
Decreasing of the Young's modulus E was ≈ 5 % when the specimens were kept in water and detergent solution while the change was ≈ 10 % when were submerged in seawater in case of the E-glass / Polylite 440-M880 composite (Fig. 25, a) . • A decreasing of the flexural strength was also observed in case of the E-glass / Polylite 440-M880 composite (Fig. 25, b ) -about 11%, 23% and 15 % when the specimens were kept in water, seawater and detergent solution, respectively. • On the other hand, when the E-glass / epoxy LY 554 composite was submerged in water, the decreasing of the Young's modulus was much more pronounced -about 21 % (Fig. 26, a) while the decreasing of the flexural strength was approximately 31 % (Fig.  26, b ).
The decreasing of the flexural strength was about 23%, 26% when the specimens were kept in seawater and detergent solution respectively, in case of the E-glass / epoxy LY 554 composite (Fig. 26, b ).
The decreasing of the Young's modulus E was about 10 %, 15 % when the specimens were kept in seawater and water / detergent mix in case of the E-glass / epoxy LY 554 composite (Fig. 26, a) .
a. b. Several researchers also found that water absorption causes degradation of matrixdominated properties such as interface and in-plane shear strengths, compressive strength and transverse tensile strength ( C o r u m e t a l . , 2 0 0 1 ; P o m i e s e t a l . , 1 9 9 5 ; C e r b u , 2 0 0 7 ; Takeshige et al., 2007) . In (Pomies et al., 1995 ) E-glass / epoxy and carbon / epoxy composites were studied. Finally, the loss in the mechanical properties has been attributed to the plasticity of the matrix by water and degradation of the fibre/matrix interfacial bond due to moisture swelling of the matrix. In case of the composite materials reinforced only with glass fibres, tested during our experimental research the above reason could be again the cause of the decreasing of the mechanical characteristics of the composite materials.
Experimental results recorded during bending tests, are graphically drawn in case of the hybride composite materials: E-glass EWR145 / fir wood flour / polyester Colpoly 7233 ( Fig. 28 and 29 ) and E-glass EWR145 / oak wood flour / polyester Colpoly 7233 ( Fig. 30 and  31 ). It may be noted that Young's modulus was computed again, for data points located on the linear portion of the F-v curve.
a. b. The first of all, it is discussed the changing of the mechanical properties in case of the E-glass / fir wood flour / polyester composite. Young's modulus E (Fig. 28) decreases from 601.1MPa down to 356.2 MPa (with 40.7 %) after 5621 hours of immersion in water while it increases up to 766.0 MPa (with 27.5%) after the same immersion time in seawater. In the same manner, the maximum flexural stress σ max (Fig. 29) decreases from 27.7 MPa down to 16.0 MPa (with 42.2%) after immersion in water and it decreases down to 23.5 MPa (with 15.2%) after immersion in seawater.
In case of the E-glass woven fabric / oak wood flour / polyester composite, it may observe generally speaking, the increasing of both Young's modulus E (Fig. 30) and maximum flexural stress σ max (Fig. 31 ) after immersion in wet environment. Therefore, this remark confirms once again the well-known property of the oak wood concerning the hardening by aging over the years. In fact, the keeping of the materials completely immersed in water, represents an accelerate process of aging. More exactly, in case of the composite material filled with oak wood flour, Young's modulus E (Fig. 30) increases from 215.0 MPa up to 500.9 MPa (with 132.9%) after 5853 hours of immersion in water while it increases up to 482.0 MPa (with 124.2%) after the same immersion time in seawater. In the same time, the maximum flexural stress σ max (Fig. 31) increases from 21.0 MPa up to 25.0MPa (with 19.05%) after 5853 hours of immersion in water while it decreases down to 17.5MPa (with 16.67%) after the same immersion time in seawater. In case of the composite material filled with oak wood flour, it was also analysed the effect of the immersion time in water on the changing of the mechanical characteristics. Therefore, Young's modulus increased with 182.28 % after 861 hours of immersion in water while the increasing was only with 132.9%) after 5853 hours of immersion. With other words the increasing of the immersion time leads to a decreasing of the rigidity. The results concerning the changing of the maximum flexural stress σ max show contrary that the maximum flexural stress σ max increases with 7.14 % after 861 hours and it increases with 19.05% after 5853 hours of immersion. But, the most important remark remains that concerning the values of the maximum deflection v max of the midpoint of the specimens during and after the flexural test. The reason of this mechanical behaviour could be assigned to the wood flour used to manufacture the composite specimen because no suchlike observation was recorded in case of E-glass / polyester composite materials tested within this work. Practically, this unexpected mechanical behaviour of the new hybrid composite after the flexural test could be owing to a good combination between the rheological behaviour of wood and the shape memory, property that is assigned to the E-glass fibres. Table 4 . Maximum values of deflection v max in case of the dried specimens made of E-glass EWR145 / oak wood flour / polyester Colpoly 7233 composite material Figure 32 , a shows a specimen made of the E-glass EWR145 / fir wood flour / polyester Colpoly 7233 composite material, after it was subjected to the flexural test. On the other hand, figure 32 , b is a photo of the failure area aquired in case of a flexural specimen made of E-glass EWR145 / oak wood flour / polyester Colpoly 7233 composite material. It could be observed that only 1-2 layers was partially failured during the testing of the specimens filled with wood flour. Contrary, almost all plies was failured during the flexural test in case of the specimens made of composite materials reinforced only with glass fibres (Fig. 33) .
Failure mode
a. b. 
Degradation of the composite materials
The figure 34 , a shows a photo of the two specimens made of composite material reinforced only with glass fibres, after immersion in water while the figure 34, b is a detailed photo of a damaged area located on the surface of the specimen. It was observed that more specimens analysed had similar brown spots located on the cut edge of the specimens. Since there was no spot before immersion in water, it may assume that the oxidation of the resin could be the cause of the spot appearance. The photos shown in figure 35 , acquired by using a metallographic microscope, confirms this opinion.
a. b. Concerning the degradation of the surfaces of the specimens made of E-glass EWR145 / fir wood flour / polyester Colpoly 7233, it was observed no spots or colour changes (Fig. 36 ). The figure 37 shows two photos of some specimens made of E-glass / oak wood flour / polyester composite material after 5853 hours of immersion in water (Fig. 37,a) and seawater (Fig. 37, b) , respectively. It may be easily observed that more specimens analysed had similar black spots located on the cut edges of the specimens, especially in case of the specimens immersed in seawater.
a. b. Fig. 37 . Photos of the edges of the specmens made of E-glass / oak wood flour / polyester after 5853 hours of immersion in: a) water; b) seawater
Since there was no spot before immersion in water, it may assume that the oxidation of the resin could be one of the causes of the spot appearance. Moreover, it was remarked that in case of the specimens immersed in seawater, the damaged areas located on the specimen edge are larger in case of the composite material filled with oak wood flour than in case of the other one type of composite. The greater content of the tannin in case of oak wood than in case of the fir wood, could be the cause of the greater degradation of the specimens made of the E-glass / oak wood flour / polyester composite material.
Conclusions and discussions
We note that the moisture absorption into the composite materials reinforced only with glass fibres, leads to the decreasing of the tensile strength, flexural strength and Young's modulus E. It was observed that the flexural modulus E of these composite materials decreases with 10 -20 %. Decreasing of the tensile strength is about 40 % in case of E-glass / epoxy LY 554 composite after ≈ 7000 hours of immersion in water while the decreasing of the flexural strength is 30 % after 9200 hours. In general, it was found that the E-glass / epoxy composite analysed absorbed more water than seawater or detergent solution. The sodium chloride molecules contained in seawater (as well as sulphate), appear to be limiting the diffusion of water into the matrix material. It was observed that the detergent effect was much more pronounced than the sodium chloride effect in case of E-glass / polyester composite. The E-glass / polyester composites (E-glass / polyester Heliopol 8431 ATX and E-glass / polyester Polylite 440-M880) are recommended as composite materials in case of water or seawater environment. Finally, it should remark that the absorption of water leads to the increasing of both Young's modulus E and maximum flexural normal stress σ max in case of the hybrid composite material with oak wood flour. Contrary, the absorption of water leads to the decreasing of the mechanical characteristics (Young's modulus E and strength) in case of the other one composite with fir wood flour. It follows that wood oak flour should be recommended as filler for the parts that works in water environment and that made of the hybrid composite material involved. If the humid environment contains salts fir wood flour should be used as filler because the greater content of the tannins associated to the oak wood leads to the appearance of the large dark stains over the surface of the composite.
